ABSTRACT
INTRODUCTION
Pinus caribaea is one of the fastest growing exotic tree species introduced into Nigeria to improve the supply of wood products (Amakiri and Agbor, 1979) . It has been used in many afforestation programmes to check desert encroachment. It also has great potentials in the paper industry because of it's long fibres (Momoh, 1980) . The Federal Government of Nigeria in the third national development plan incorporated the establishment of five pulp & paper mills. Tropical pines were expected to provide 20% of the long fibre pulp (Okoro, 1976) and Gmelina arborea was to provide 80% of the short fibre pulp. Forestry Research Institute of Nigeria (FRIN) reported that the most suitable pines for Nigerian conditions were P. caribaea and P. oocarpa. The latter, however, has a natural requirement for very high altitude which is available only in restricted areas of Nigeria. Consequently, interests were shifted in favour of P. caribaea (Okoro, 1981) .
Programmes to develop the pulpwood plantations were launched in Niger, Kwara, Anambra and Cross River to feed the established mills (Anon 1977) . However, Nigeria is yet to achieve self -sufficiency in production of industrial wood (National Planning Commission 1993) . Consequently, the existing pulp & paper mills still rely heavily on imported wood pulp.
The difficulty in the establishment of adequate pulpwood plantations arose principally as a result of inadequate seed supply. Large sums of money had been spent annually in foreign currency for the procurement of seeds (Okoro and Okali 1987) . However, plantations raised with such seeds are unable to generate enough seeds due to poor filling of the cones (Okoro and Okali, 1987) . A potential solution to the seed supply problem is the use of in vitro derived seedlings which will in addition help in the establishment of plantations. It became desirable therefore to investigate the use of plant tissue culture as an alternative method of propagation of P. caribaea. George and Sherrington (1984) reported that methods have not yet been developed for the routine propagation of all kinds of trees despite much research in tissue culture. It is on this premise that this research was set up to work out a protocol that could be used for this particular species. The first step in doing this is to determine the totipotency of the various explants such as the roots, stems, shoot tips, leaves, fruits, callus, embryos, pollen etc.
Success in this endeavour depends on a number of factors which have been enunciated by De Fossard et al., (1974) . They suggested that, "a widespread approach to a new or unresolved tissue culture situation is to examine the responses of the plant material to one or more published media. The growth regulators, auxins and cytokinins, added to such media can be modified since they are the most variable factors in plant tissue culture media. They suggested further that the concentrations of the medium salts and the carbon source should also be varied at the same time. In the long run a new medium that will accommodate specific requirements of the plant material in question will be produced".
These suggestions enabled the investigators to confirm the totipotency of embryos of P. caribaea and to also establish that of the shoot tips (Akaneme and EneObong 2001) . They also formed the bases for the investigation of the hormonal requirements of P. caribaea callus with respect to growth & greening. The results are reported in this paper.
MATERIALS AND METHODS
Seeds of P. caribaea were obtained from the Forestry Research Institute of Nigeria (FRIN), Ibadan.
Initiation and Maintenance of Callus:
Callus was initiated from two-week old aseptically germinated seeds. The procedures for sterilization of seeds and isolation of embryos were the same as described in Akaneme and EneObong (2001) . The embryos were inoculated on Murashige and Skoog (MS) 1962 basal medium. Thirty grams per litre sucrose (carbon source) was added to the medium and after two weeks the germinated seeds (explants) were used for callus initiation.
The culture medium used comprised MS macro and micro-salts., 1000mgl -1 casein hydrolysate (CH), 0.1mgl -1 myo-inositol., 10gl -1 Difco bacto Agar., 0.4gl
glutamine and 30gl -1 sucrose. Two milligrams per litre of the auxin, 2,4-dichlorophenoxy acetic acid (2,4-D) was added. The medium was adjusted to a p H range of 5.6-5.8 with 0.1 N HCl or NaOH using a metrohm 620 p H metre before autoclaving. If the initial p H of the medium was above 5.8, 0.1N HCl was used to lower it since the higher the hydrogen ion concentration, the lower the p H . However, if the initial p H was below 5.6, 0.1N NaOH was used to raise it to a maximum of 5.8. Twenty millilitre of the medium was dispensed into each Pyrex glass test tube (25 x 200mm). The tubes were capped with cotton wool plugs wrapped in aluminium foil to minimize evaporation and autoclaved at 1.05kg cm 2 pressure for 20 minutes and then slanted. A total of 48 explants were cultured. The radical end of each explants was made to be in contact with the medium in the test tube. All the explants were incubated at 25 + 2 o C in a 12-hour photoperiod from white fluorescent tubes.
Three to four weeks after explants inoculation, the induced calluses were transferred to Von Arnold and Eriksson (AE) (1977) medium. They were maintained by subculture at 3 weeks intervals to AE medium supplemented with the same additives used during initiation. Only healthy growing tissues were subcultured and necrotic regions were discarded. Histological sections of the radicle end of the seedling were made by following standard method of Ameh (1993) .
Callus Growth Measurements and Chlorophyll
Determination: All the calluses initiated and maintained above were bulked and used for the callus growth measurements and chlorophyll determination. The growth regulators whose effects were tested were IBA (Indole Butyric Acid)., NAA (Naphthalene Acetic Acid)., Kinetin (6 -furfurylaminopurine) and BAP (6 -Benzyl Amino purine). Their effects on callus growth and greening, were determined by using two by two factorial experiments.
Each of the auxins, IBA and NAA was added in four concentrations viz, 0, 0.5, 1 and 2mgl -1 and each of the cytokinins, kinetin and BAP was also added in four concentrations: 0, 0.5, 2 and 5mgl -1 . NAA was combined in all possible combinations with kinetin and BAP giving 16 treatment combinations each for NAA x kinetin and NAA x BAP, respectively. IBA levels were combined only with the levels of BAP and 16 treatment combinations were also obtained. There were five replicates for each treatment combination.
Equal sized callus pieces, 50mg, fresh weight were inoculated onto AE medium supplemented with the various combinations of NAA x kinetin and NAA x BAP, while callus pieces weighing 500mg were inoculated onto the same medium (AE) but supplemented with the combinations of IBA x BAP. Other additives to the media were casein hydrolysate (1000mgl Growth index (GI), on fresh weight basis, and mean dry weights were determined based on three callus replicates per treatment combination. Growth index, was calculated according to Eng-Chong and Thorpe (1986) .
At the end of the culture period (30 -32 days), various degrees of greening were observed among the callus pieces. All calluses were then classified into four grades of greening viz: 1-no visible greening; 2-slight visible greening; 3-visible greening and 4-intensive greening according to Ogihara (1979) .
To establish the relationship between the four grades of callus greening and chlorophyll content of calluses, chlorophyll content was measured as follows: Three calluses classified into each grade of greening were weighed, ground for one minute in a chilled mortar with 3ml of 90% acetone. The extract was centrifuged for 5 minutes at 500rpm to obtain a clear supernatant. This was decanted into a 25ml volumetric flask. Acetone was added to make up the mark and the mixture was stored for chlorophyll determination.
The colour absorbance was read at 450nm with acetone as blank and with the aid of 300 camp. Spectrophotometer. The chlorophyll content of pine needles obtained from a pine tree was also determined, as was done for the callus masses for purposes of comparison.
RESULTS

Influence of Explant Position on Callus Formation:
Explant position was found not to be really important since in all the seedlings, callus formation was initiated at the radicle end which was in contact with the medium (Plates 1 and 2). The callus growth became visible 10 -15 days after culture of explants and these calluses were alike in appearance. Growth of these callus cells led to the whole seedling becoming a mass of cells -callus.
Pigmentation in P. caribaea Callus: After 3-4 weeks of growth in the initiation medium (MS), the callus clumps were transferred to AE medium which had the same Plate 1: A pinus seedling (arrows shows callusing at the radicular end) x 50 supplements added to the initiation medium. About a week after this subculture, some callus clumps were observed to have reddish areas indicating perhaps the presence of anthocyanin pigments (Plate 3). The callus clumps were fresh and healthy with no necrotic regions.
Callus Growth:
The effects of the various concentrations of NAA, kinetin, and the interactions between them on dry weight and also on the ratio of fresh weight to dry weight of calluses were respectively found not to be significantly different. Table 1 reveals that only the concentrations of NAA showed a significant effect on the calluses, with regards to growth index. It could be observed from that table that 2mgl -1 promoted the maximum growth. However, its effect did not differ significantly from those of 0.5mgl -1 and 1mgl -1
. The control callus had a higher per cent dry weight per unit fresh weight (Table 1) Although the analyses of variance showed that there were no significant differences among the various interactions of NAA and kinetin levels, Table 2 indicates that the combination of 1mgl -1 NAA and 0.5mgl -1 kinetin gave 406.5% increase in fresh weight and 375% increase in dry weight over the control. However, the highest per cent dry weight per unit fresh weight of callus (0.643%) was given by the interaction of 0mgl -1 NAA and 5mgl -1 kinetin. This combination of hormones merely gave a 40% increase in fresh weight and 125% increase in dry weight over the control.
The effects of NAA levels, BAP levels and the interactions among them on fresh weight/dry weight ratios did not differ significantly. Table 3 shows that with respect to growth index and dry weights, only the various concentrations of NAA gave significant different effects.
The maximum growth index and dry weight values were given by 2mgl-1 NAA. However, it's effect on dry weight did not differ significantly from those of 0.5mgl -1 and 1mgl -1 . Considering the per cent dry weight per unit fresh of callus, calluses from, 0.5mgl -1 NAA gave a value of 0.485% while those from 2mgl-1 NAA gave a value of 0.437% (Table 3) .
The analyses of variance performed with the data on the interactions among NAA and BAP levels on growth index and dry weights were not significantly different (table not shown). The results in Table 4 , however, give some relevant information. The highest increases in fresh weights over the control were given by the interactions of 1mgl -1 NAA x 0.5mgl -1 BAP (198.06%) and 2mgl -1 NAA x 0mgl -1 BAP (198.06%). However, in terms of the dry weight, the maximum increase over the control was given by the interaction of 0.5mgl -1 NAA x 0.5mgl -1 BAP (125%). Considering the per cent dry weight per unit fresh weight of callus, the interaction of 0.5mgl -1 NAA and 0mgl -1 BAP gave the maximum value of 0.625%. This hormonal interaction, however gave a 33.33% increase in fresh weight and 50% increase in dry weight over the control. BAP. These hormonal interactions produced 58.58% and 50.34% increases respectively in fresh weight of callus over the control. The dry weights of these calluses, however, were not obtained due to power failure at some stage of the experiment.
Callus Greening: The effects of the various combinations of NAA x Kinetin, and NAA x BAP on callus greening were also studied. Figures 3a and b show the mean chlorophyll content and the greening grade of calluses. A relationship could be observed between the chlorophyll content and the greening grade of calluses. Grades 1, 2, 3 and 4 in NAA x kinetin cultures and grades 1, 2 and 3 in NAA x BAP cultures clearly exhibit different chlorophyll contents. However, grade 1 in both cultures has similar chlorophyll contents and the same results were obtained for grades 2 and 3 in both cultures. The chlorophyll content of needles obtained from a pine tree was determined spectrophotomerically. The result showed that pine needles contained more chlorophyll than the callus tissue that is 62,000 µg/g fresh weight as against 20 µg/g fresh weight, shown in figure 3a .
Results of the analyses of variance performed with the data on callus greening are shown in Table 7 . No significant interactions were observed between NAA x kinetin and NAA x BAP while the main effects (NAA, kinetin, BAP) promoted callus greening. The results were statistically significant. ) tested, greatly promoted callus greening. Kinetin (5mgl-1 ) and NAA (2mgl-1 ) produced some calluses that were intensely green(that is grade 4 of the classification) while 5mgl-1 BAP produced calluses which were just visibly green(that is grade 3). However, the frequencies of such calluses with these greening grades were low as shown in figures 4a, b and c.
Kinetin influenced callus greening more in the presence of NAA (Table 8) as can be seen in the variance attributable to kinetin when NAA is present in the same medium. However, the ANOVA table showed that none of the treatment combinations promoted greening significantly.
DISCUSSION
Growth or morphogenesis from explants having a strong natural polarity can be influenced by the way that the explant is placed into or upon the medium (George and Sherrington, 1984) . They reported further that the effects noted may sometimes be due entirely to polarity. At other times, the important factor may be an adequate supply of nutrients and growth regulators to parts of the explant that are competent to grow or undergo morphogenesis.
In the present study, explant orientation (proximal end of the seedling in contact with the medium) did not inhibit callus formation probably as a result of However, contrary reports were given by Nag and Johri (1976) . They observed that embryo explant of Nuytsia floribunda callused if the cotyledons were in contact with white's medium containing 5 ppm Indole butyric acid, 20 ppm adenine and 2000 ppm casein hydrolysate. But when the embryo was planted vertically with the hypocotyl partially embedded in the medium, it developed into a seedling. The auxin, NAA, at 2mgl -1 gave the optimum fresh weight of P. caribaea callus. In the NAA x kinetin cultures, the value was 6.067 + 0.93 as against 2.783 + 0.37 for the control. While in the NAA x BAP cultures the value was 8.933 + 0.87 as against 3.783 + 0.39 for the control. Ameh (1993) of NAA progressively produced calluses of very low mean weight. However, the percentages of dry weights per unit of fresh weight of calluses in 2mgl -1 NAA media in this study were lower than the controls. This shows that the high fresh weights were made up of mainly water. Similar results were obtained when NAA was combined in all possible ways with kinetin and to some extent BAP.
Accumulation of much water by tissues which is synonymous with friable tissue formation have also been reported by Reddy and Narayana (1974) on Vigna sinensis callus cultures. George and Sherrington (1984) gave a probable explanation of this fact. According to them, auxins promote the growth of plant tissue by inducing the secretion of hydrogen ions into and through the cell wall. Thus acidification of the wall increases its extensibility. They further reported that potassium ions are taken into the cell to counteract the electrogenic export of hydrogen ions (protons) and this has the effect of decreasing the water potential of the cell so that water enters and the cell expands.
The cytokinins, kinetin and BAP at 0.5mgl -1 each produced calluses with maximum fresh weights of 6.15 + 0.84 and 7.83 + 1.07 respectively. On the other hand, 5.0mgl-1 kinetin produced calluses with mean fresh weight of 3.55± 0.65 while 5.0mgl-1 BAP produced calluses whose mean fresh weight was 6.50 ± 1.09. Though the mean fresh weights of 5.0mgl-1 kinetin and 5.0mgl-1 BAP calluses were lower than those of 0.5mgl-1 of both hormones, their percentages of dry weights per unit fresh weights were higher. The values were 0.451% and 0.462% for 5.0mgl-1 kinetin and 5.0mgl-1 BAP respectively and 0.423% and 0.447% for 0.5mgl-1 kinetin and 0.5mgl-1 BAP respectively. This indicates that low concentrations of the cytokinins (that is 0.5 mgl 1 ) produce calluses that are more watery (friable) than those produced with high concentrations.
Interactions among the various concentrations of kinetin with NAA and to some extent BAP with NAA gave similar results. Especially, the combination of 1mgl -1 NAA and 0.5mgl -1 kinetin can be used to produce highly friable calluses. Kirkham and Holder (1981) on the other hand reported that kinetin increased callus water potential by increasing the cells turgor potential. This therefore had the effect of making the cells less liable to take up water from the surrounding medium. In other words, the addition of kinetin to the medium led to the formation of more compact calluses as opposed to the effect of auxins. From the present study however, it can be concluded that 2 mgl -1 NAA and low concentrations of kinetin and BAP (0.5 mgl -1 ) can be used to produce highly friable calluses of P. caribaea while higher concentrations (5 mgl -1 ) each of kinetin and BAP can be utilized to form relatively friable calluses. Various combinations of BAP and NAA also led to the production of compact calluses. Further investigations are needed to explain the seemingly antagonistic action of most of the combinations of IBA levels and BAP levels. This is because of the low callus fresh weights obtained with the combinations of both hormones.
Variability in growth habits (that is friable vs. compact callus) have been reported to influence differentiation in vitro. Differentiation in callus cultures could be in form of direct organogenesis (shoot or root production) or indirect organogenesis which involves the initial production of somatic embryos which can germinate into complete plants when transferred to an appropriate culture medium. Kirkham and Holder (1981) noted that callus which was induced to form shoots by the addition of cytokinin was more compact than non -shoot forming callus. Zamora et al (1987) observed two types of calluses in callus cultures of Dendrocalamus latiflorus cv. Machiku and shoot-like structures were only formed on compact calluses developed on l ppm 2, 4-D and BA medium. Somatic embryos (George and Sherrington 1984) can be formed in suspension cultures in larger numbers than in callus cultures and such suspension cultures are usually initiated with friable calluses. The hormonal combinations tested in this study did not lead to organogenesis but rather gave rise to some calluses that appeared greenish in colour after four weeks of growth. George and Sherrington (1984) reported that sometimes, the formation of green areas on otherwise colourless calluses is the first sign of the commencement of morphogenesis. Shepard et al (1980) reported that intense green colour of calli necessarily precedes shoot meristem development. Several investigators (Ono et al., 1994; Jeoung et al., 1998; Molina and Garcia, 1998) have also demonstrated that calluses with regeneration potential are those with green centres.
The development of chlorophyll in tissues cultured in vitro depends on a number of chemical and physical factors (Venketeswaran, 1965) . Such factors include growth regulators added to the culture media, age of culture and light conditions and these according to him exert a great influence on chlorophyll synthesis and its stability in continuous culture. In the present study, chlorophyll production in callus cultures was highly influenced by the presence of 2 mgl -1 NAA and 5mgl
kinetin. This is in consonance with the reports of Ogihara (1979) who observed greatest callus greening in the media containing only 2 mgl -1 kinetin. Numerous other workers (for example, Stetler and Laetsch, 1965, Kaul and Sarbhawal, 1971) have also reported on the importance of kinetin for chlorophyll synthesis in callus cultures. Feieraband (1970) suggested that normal development of plastid is specifically inhibited by some internal factors which can be overcome by cytokinins.
According to George and Sherrington (1984) whereas cytokinins tend to promote the formation of chlorophyll in callus and suspension cultures, auxins can be inhibitory. In callus cultures of pea, tomato and potato, some reduction of chlorophyll synthesis in the presence of (Hildebrandt et. al., 1963) . However, Davey et. al., (1971) reported that IAA or NAA have been shown to be less inhibitory to chlorophyll formation than 2, 4 -D. This could be an explanation for the greening observed in this study in calluses of P. caribaea cultured in 2 mgl -1 NAA medium. Many investigators have reported the suppressive influence of sucrose on chlorophyll synthesis in tissue cultures, most especially the levels that encourage good growth of the cultures (Edelman and Hanson, 1971; Neuman and Raafat, 1973) . Three percent sucrose was used to initiate the P. caribaea callus in this work and it is speculated that it might have partially inhibited chlorophyll synthesis of the calluses thus resulting in the very low number of calluses that showed signs of greening. Hildebrandt et al., (1963) used a range of 2-8% sucrose for carrot and Rose callus cultures and they observed high chlorophyll contents in the cultures. However, in the cultures of endive, lettuce and spinach, they specifically omitted sucrose but still large amounts of chlorophyll were produced by the tissues. It thus appears that the inhibitory effect of sucrose on chlorophyll synthesis in vitro is specie dependent. Pamplin and Chapman (1975) gave a probable explanation for this inhibiting effect of sucrose on chlorophyll synthesis in some in vitro cultures. They reported that in the presence of sucrose, chlorophyll synthesis was blocked to a certain extent at the site of 5-aminolaevulinic acid (ALA) synthesis. In other words, there was inhibition of ALA synthesis in the presence of sucrose and this ultimately resulted in blockage to a certain extent of chlorophyll synthesis. ALA is specifically required for the synthesis of porphyrin which are the constituent molecules of chlorophyll. The above authors further noted that the reduction in the synthesis of ALA may probably be due to an inhibition of the activity of the enzyme called ALA synthethase.
The fact that needles from a pine tree in the Botanical garden of the University of Nigeria Nsukka had more chlorophyll than callus tissues had also been observed in tobacco tissue cultures (Berlyn, and Zelitch, 1975) . They reported that the callus tissues had a chlorophyll content of 30 µg/g fresh weight as compared with about 1,500 µg/g for the tobacco leaves. These results are further supported by the reports of George and Sherrington (1984) . According to them, the chlorophyll level so far obtained in tissue cultures are well below that found in mesophyll cells of intact plants of the same species. Furthermore, the rate of chlorophyll synthesis on exposure of cultured cells to light is extremely slow compared to the response of etiolated organized tissues. Gautheret (1959) explained that tissue cultures generally do not produce very much chlorophyll because of their meristematic state. Jaspas (1965) noted that in intact plants, meristematic cells normally contain plastids in a very young stage of development.
In conclusion, additional research using other combinations of kinetin and NAA or other types of plant growth regulators might improve greening of P. caribaea calluses. Furthermore, it has been demonstrated that both friable and compact calluses could be produced in this species. A subsequent paper will show the anatomical differences between the two and the implications of those differences. It was further noted that P. caribaea also exhibited some interesting signs of pigmentation (reddish) in the cultured cells. Since anthocyanins are universal plant colourants and the most important group of water soluble plant pigments visible to the human eye (Strack and Wray, 1994 ) the observed pigmentation could possibly be anthocyanins.
According to Meyer and Anderson (1952) , most of the red, blue and purple pigments of flowers, fruits, bud scales, developing leaves etc. belong to a group of glycosides known as anthocyanins. Some of the major factors which control anthocyanin pigmentation include, the nature of anthocyanins, concentration of anthocyanin, molar ratio of anthocyanin to co-pigment such as hydrolysable tannins, metal chelation, particularly with magnesium and iron and the pH of cell sap (Goodwin and Mercer, 1983) . These authors agree that generally, anthocyanins are red in acid solution and the colour changes as the pH of the medium increases.
The pH of the MS and AE media used in this study was acidic (between 5.6 and 5.8), thus, validating the possibility of the pigmentations being anthocyanins. The formation of anthocyanins seems to be commonly associated with accumulation of sugars in plant tissues (Meyer and Anderson 1952) . Some of the environmental factors according to the authors, which favour an increase in the sugar content of a given plant tissue include high light intensity, low temperature and low nitrogen supply.
In plant tissue cultures, two factors have generally been recorded to cause anthocyanin production. These are nutritional/environmental conditions such as nitrogen deficiency (Blakely and Steward, 1961; Bhojwani and Razdan, 1983) and genetic factors (Gautheret, 1955) . However, Kramer and Kozlowski (1960) reported that the production of anthocyanins depends first of all on the possession of certain hereditary potentialities, but the amount produced is affected by environmental factors. The surprising fact of this study is that naturally, anthocyanins have never been found so far outside the Podocarpaceae family of the Gymnospermae (Strack and Wray, 1994) . P. caribaea belongs to the Pinaceae family. If the pigmentations were truly anthocyanins, could it be that the species has the genes for its production?. And could it be that the environmental conditions within and outside the test tube were favourable to its production? An observation had earlier been made by Fowler (1987) that there are instances where products of potential commercial interest have been obtained from cultures but which have not been identified in the plant from which the culture was initiated. He explained this phenomenon by stating that the plant cell genome contains large numbers of silent genes. These are genes present and potentially active but which are not normally expressed under the environmental conditions prevailing in the field today. He furthermore noted that cell culture is in itself a form of selection pressure which may allow the expression of these genes.
In the present study, sufficient nitrogen was available in the callus cultures. This is because, in both the callus initiation (MS) and callus maintenance (AE) media, 0.4gl -1 glutamine and 1000mgl -1 casein hydrolysate were continuously added as additional sources of reduced nitrogen. The MS and AE media are also highly nitrogenous media.
According to Ammirato (1983) , a key element of the MS medium is the presence of high levels of nitrogen in the form of ammonium nitrate. Risser and White (1964) reported that L-glutamine could replace a mixture of 18 amino acids as a source of nitrogen in in vitro culture of spruce. Wetherell and Dougall (1976) also noted that casein hydrolysate, glutamine and alanine are good sources of reduced nitrogen for embryogenesis, and can substitute for ammonium ion.
In conclusion, further studies are needed in this area of secondary metabolite production. Firstly, the pigmentation needs to be reproduced again in vitro. Secondly, biochemical tests need to be performed to confirm if the pigmentation is truly anthocyanin.
